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RESUMO 
 
Este trabalho apresentou como objetivo geral analisar a influência de diferentes 
fatores na manutenção da interface cônica interna pilar/implante. Os objetivos 
específicos foram avaliar o efeito do indexador hexagonal interno no selamento 
microbiológico da interface cone Morse; o efeito do indexador hexagonal 
interno da resistência mecânica de implantes cone Morse; o efeito do 
carregamento axial na variação de deformação na região cervical de implantes 
cone Morse de diferentes diâmetros, por meio de extensometria; o efeito do 
carregamento axial na deformação cervical e deslizamento do pilar por meio de 
medição tridimensional; a interface cone Morse antes e após carregamento 
axial, por meio de microscopia; e a distribuição de tensões em modelos 
tridimensionais de implantes cone Morse montados com pilares de parafuso 
passante. De acordo com os resultados obtidos nos estudos pode-se concluir 
que o diâmetro influenciou a deformação nas paredes externa e interna na 
região cervical de implantes cone Morse; a presença de indexador protético no 
fim do cone interno de implantes cone Morse não influenciou na infiltração 
bacteriana sob carregamento estático; a presença de indexador protético no fim 
do cone interno de implante cone Morse não reduziu a sua resistência à fratura; 
um milhão de ciclos de fadiga com carga aplicada axialmente fora do longo 
eixo do implante não influenciou negativamente a integridade de implante cone 
Morse montado com componente protético de parafuso passante. 
 
 
 
 
Palavras-chave: implantes cone Morse, comportamento biomecânico, testes 
biomecânicos. 
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ABSTRACT 
The general aim of this study was to evaluate the conical interface of 
pilar/implant. The specific aims were to evaluate the influence of hexagonal 
internal index in the microleakage and mechanical strength of Morse taper 
implants; the effect of axial loading on the deformation in cervical region of 
Morse taper implants of different diameters through strain gauge; the effect of 
axial loading in cervical deformation and sliding of abutment into the implant by 
tridimensional measurements; the integrity of conical interface before and after 
dynamic loading by microscopy and microleakage; and the stress distribution in 
tridimensional finite element models of Morse taper implants assembled with 2 
pieces abutment. According to the obtained results, could be concluded that the 
diameter had influence in the cervical deformation of Morse taper implants; the 
presence of internal hexagonal index in the end of internal cone of implant 
didn´t influenced the bacterial microleakage under static loading neither 
reduced the mechanical strength of implants; one million cycles of vertical and 
off-center load had no negative influence in Morse taper implant integrity. 
 
 
 
 
Key words: Morse taper implants, biomechanical behavior, biomechanical tests. 
 
 
 
 
 
 
 
 
 
 7 
1. INTRODUÇÃO E REFERENCIAL TEÓRICO 
 Além da estabilidade mecânica, fatores microbiológicos e oclusais são 
duas importantes causas para a falha em implantodontia. Enquanto o fator 
oclusal pode ser controlado cuidadosamente durante o planejamento 
reabilitador, o fator microbiológico é mais elusivo (Cochran, 1996). Um estudo 
recente (Koutouzis et al., 2011) indicou que diferentes desenhos de implante 
podem influenciar o risco potencial para a presença de microorganismos no 
espaço presente na interface pilar/implante, sob condições de carregamento 
cíclico. A presença de mediadores químicos e células inflamatórias atuam no 
processo de osteoclastogênese e, consequentemente, em reabsorção óssea 
(Broggini et al., 2013). Dessa forma, é importante a busca pela mínima 
presença de bactérias dentro ou próximo à interface pilar/implante (Dibart et al., 
2005). 
 Diversos autores (Besimo et al., 1999; do Nascimento et al., 2008; do 
Nascimento et al., 2009; Barbosa et al., 2009; Assenza et al., 2011; Silva-Neto 
et al., 2012) têm avaliado a microinfiltração em sistemas hexagonais de 
implantes. Nestes sistemas, onde a manutenção do pilar sobre o implante se 
dá exclusivamente pela pré-carga do parafuso protético, a qualidade de 
usinagem e, consequentemente, a adaptação entre as peças é um fator 
decisivo para os resultados encontrados (Dias et al., 2012). Estes fatores são 
ainda mais críticos quando se avalia implantes com junção cônica interna.  
Há 150 anos, em 1864, o conceito cone Morse foi definido por Stephen 
A. Morse para componentes rotatórios de máquinas (Hernigou et al., 2013). Há 
mais de 25 anos, o princípio de interface cônica interna foi trazido para 
implantodontia dentária (Moser, Nentwig, 1989). Comparando diferentes 
conexões de implantes, as configurações de junções hexagonal e cônica 
interna apresentam diferentes princípios mecânicos de funcionamento. A 
diferença significante é interface cônica, que resulta em excelente estabilidade 
mecânica por meio de alta pressão de contato e resistência friccional entre as 
superfícies do implante e do pilar. Como as junções Hexagonais Externas 
dependem unicamente do parafuso do pilar para fixação e estabilidade da 
interface pilar/implante (Burguete et al., 1994; Sakaguchi, Borgersen, 1995; 
Haack et al., 1995; McGlumphy et al., 1998; Bozkaya, Müftü, 2003), o 
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carregamento axial mastigatório pode resultar no afrouxamento do parafuso e 
consequente falha do sistema (Schwarz, 2000). Já na interface cônica, fricção 
e embricamento mecânico na interface cônica entre o pilar e o implante são os 
princípios básicos para uma conexão eficaz e duradoura (Merz et al., 2000; 
Bozkaya, Müftü, 2003). 
O sistema cone Morse diminui micromovimentações na interface 
pilar/implante contribuindo para um nível mínimo de inflamação no tecido 
periimplantar (Dibart et al., 2005) e para menor perda óssea adjacente aos 
implantes (King et al., 2002). Buscando facilitar a indexação protética do 
sistema cone Morse, algumas empresas desenvolveram produtos com um 
indexador geométrico no fim do cone interno do implante (Perriard et al., 2002). 
Em estudo realizado (Perriard et al., 2002) com o objetivo de comparar a 
resistência mecânica entre sistemas cone Morse convencionais e indexados, 
concluiu-se que ambas as conexões são similares quanto à sua resistência 
mecânica sob teste de flexão do sistema. Ainda sob o ponto de vista mecânico, 
em estudo clínico recente avaliando 2.549 implantes com interface Cone 
Morse, após 6 anos em média de função, concluiu-se que a alta estabilidade 
mecânica desta interface é responsável pela redução significativa de 
complicações protéticas (Mangano et al., 2011).  
Apesar da alta taxa de sucesso do sistema cone Morse, muitas questões 
ainda vêm motivando estudos científicos. Dentre elas, podemos citar: O 
implante de menor diâmetro deve ser indicado para regiões de molar? A 
incorporação do indexador interno compromete o vedamento microbiológico ou 
a sua resistência mecânica? Existe diferença mecânica entre componentes de 
corpo único e parafuso passante? Ao longo do tempo o implante sofre 
deformação devido ao deslizamento do componente dentro do implante? Se 
sofrer alguma deformação, esta compromete a estabilidade da junção cônica? 
Qual o papel do parafuso nos componentes de implantes cone Morse? 
Motivado por estas questões, este estudo propôs-se, por meio da associação 
de metodologias, analisar a influência de diferentes fatores na manutenção da 
interface cônica interna pilar/implante. 
O entendimento dos princípios biomecânicos que regem as diferentes 
conexões de implantes permite nortear a predição do comportamento de 
implantes dentários em diferentes situações clínicas de carregamento. A 
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associação de diferentes metodologias permite que este entendimento seja 
buscado de diferentes pontos de vista. Enquanto testes mecânicos 
experimentais destrutivos mostram a falha de sistemas, a associação de 
método de elementos finitos, extensometria, microscopia e microinfiltração, 
permite a avaliação da predição de falhas. 
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Strain analysis of different diameter M orse taper implants under overloading compressive condit ions
single tooth replacements alone. No complications 
were observed at the implant-abutment interface for 
fixed partial prostheses and fixed full-arch prostheses, 
and no abutment fractures were observed.5 Contact 
and friction play crucial roles in the mechanical 
behavior of the individual parts of a system, including 
oral implants.3,6
The tapered interference fit relies on a large contact 
pressure and the resulting frictional resistance in the 
mating region of the implant–abutment interface to 
provide a secure connection.7 In general, interference 
fit implants have a hub and shaft that connect to 
each other and do not require a third member, 
such as a key, pin, bolt, or screw. The connection 
allows for load transmission due to the frictional 
forces between the mating surfaces where the 
shaft has a slightly larger diameter than the hub. 
The dependent characteristics of the interference 
fit, including the pullout/insertion forces and the 
stress distribution in the members, depend on 
the taper angle, contact length, inner and outer 
diameters of the members, depth of insertion, 
material properties and coefficient of friction.7
Clinically, straight and wide diameter implants 
are used in many clinical scenarios, including the use 
of single dental implants. In Morse taper implants, 
the measurements of the internal cone are the same, 
regardless of the implant diameter. In straight diameter 
implants, the thickness of the titanium wall around the 
implants is thinner than in wide diameter implants. 
These implants, submitted to overload, especially 
in single implants in patients who have an oral 
dysfunction, could cause a design modification of 
the Morse taper implant.
Even though Morse taper implants with different 
outer diameters have the same internal conical 
diameter, there is a difference in the thickness of the 
cervical portions of different implants. In this context, 
there is a lack of research evaluating the effect of 
axial compressive loading on dimensional changes 
in the cervical portion of Morse taper implants with 
different diameters. The strain around these walls 
can be measured using strain gauge analysis, which 
is a non-destructive method.
Therefore, the aim of this study was to evaluate 
the deformation caused by compression in different 
diameters of Morse taper implants and the residual 
deformation after removal of the load. The hypothesis in 
this study was that the diameter of Morse taper implants 
affects the strain variation of the cervical portion.
Methodology
Samples
Thirty Morse taper implants (Neodent, Curitiba, 
Brazil) were divided into the following 3 groups 
(n = 10) according to implant diameter: 3.5 mm, 4.0 mm 
and 5.0 mm. The implants (Figure 1) were produced 
specifically for this study and lacked external threads 
to allow for strain gauge fixation (Figure 2). Each 
implant was fixed to a two-piece abutment (Universal 
Post Exact, Neodent, Curitiba, Brazil). The material 
characteristics are described in Table 1.
Strain Gauge Test
A strain gauge (PA-06-040AB-120 LEN, Excel 
Sensores, São Paulo, Brazil) was attached to each 
specimen with cyanoacrylate glue (Super Bonder 
Loctite, Rocky Hill, USA). The gauge was a custom 
Figure 1. Implants that were specifically produced without 
external threads to allow for strain gauge fixation.
2 Braz Oral Res [online]. 2015;29(1):1-6
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apparatus that enabled specimen stabilization and was 
placed perpendicular to the long axis of the implant. 
The strain gauge wires were connected to the data 
acquisition device (ADS0500IP Lynx, São Paulo, Brazil).
The abutments were placed using 15 N-cm of 
insertion torque, as recommended by the manufacturer. 
The samples were subjected to axial compressive loading 
(Figure 3) with a crosshead speed of 0.5 mm/min in a 
universal testing machine (EMIC, 2000DL, São José dos 
Pinhais, Brazil) until 1500 N of loading force was reached. 
The 1500 N loading force was based on pilot studies 
that defined the load value required to cause physical 
deformation of the 5.0 mm diameter Morse taper implant 
under axial compressive loading. A study reported an 
occlusal force in an axial direction on implants of up 
to 847 N for men and 595 N for women with normal 
occlusion.8 Compared to the occlusal loading measured 
in patients with a normal dentition, the absence of a 
periodontal ligament may lead to occlusal overloading 
and implant failure due to the inability to distribute 
occlusal forces, axial transmission of these forces, and 
the absence of periodontal proprioceptors.
Therefore, we simulated overloaded forces to test 
the mechanical characteristic of this implant under this 
condition. A study9 reported that the mean voluntary 
maximal bite force for male bruxers was 1009 ± 290 N. 
During all tests, the strain gauge remained fixed on 
the cervical portion of the implant to measure the 
strain variation. The load was removed and the strain 
measurement was recorded for 60 seconds.
Data were evaluated statistically with a one-way 
ANOVA (α = 0.05) and Tukey’s test. The strain in a 
thick cylinder with internal pressure was higher in the 
interior of the canal and decreased as it approached 
the external surface. To measure the internal strain, the 
following formula10 was applied: εA/B = (b² + a²) / 2a², 
where εA/B = the relationship between the internal 
strain and external strain, a = internal canal radius, 
and b = external canal radius.
Results
The implant diameter significantly influenced 
the strain around the cervical region of the Morse 
taper implants. The implant with a 5.0 mm diameter 
had significantly lower strain than the other groups 
(p < 0.001), regardless of the presence of a load (Table 2). 
The strain values had a 50% reduction after load 
removal, regardless of the implant diameter. Figure 4 
illustrates the strain pattern for all implant diameters 
according to the loading variation (0 - 1500 - 0 N).
The internal strain values, calculated according 
to the formula εA/B = (b² + a²) / 2a² are summarized 
in Table 3. The implant diameter significantly 
influenced the internal strain around the cervical 
region of the Morse taper implants. The 5.0 mm 
Table 1. Description of materials.
Material Description Quantity (un)
Cylindrical Morse taper Implant 3.5 x 13 mm 10
Cylindrical Morse taper Implant 4.0 x 13 mm 10
Cylindrical Morse taper Implant 5.0 x 13 mm 10
Universal CM Post (two pieces) 3.3 x 4 x 3.5 mm 30
Figure 2. Strain gauge fixation. Figure 3. Axial loading was applied.
3Braz Oral Res [online]. 2015;29(1):1-6
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ABSTRACT (167 WORDS) 
Purpose: Evaluate the influence of Morse taper implant index on microleakage.  
Materials & methods: Thirty implants and abutments were divided into three groups (n=10): 
CM1 (universal post and implant without index), CM2 (universal post and implant with index) 
and CM3 (abutment and implant with index). To evaluate the microleakage from the implant 
inner part, the implants were inoculated with Streptococcus sanguinis solution at a 0.5 
McFarland and incubated for 7 days at 37ºC in Eppendorf tubes with sterile broth. To evaluate 
the microleakage into the inner part of implant, these were inoculated with sterile Schaedler 
broth and immersed in a Fusobacterium nucleatum solution at a 0.5 McFarland. The samples 
were incubated for 30 days in an anaerobic chamber.  
Results: Nine samples of each group of the first methodology no presented bacterial 
contamination. No samples of the second methodology demonstrated turbidity of the broth.  
Conclusion: The presence of the prosthetic internal index had no influence on bacterial 
microleakage of Morse taper implants under static conditions, for both methodologies. 
KEY WORDS: microbiology; prosthodontics; periodontology. 
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The misfit of implant/abutment (I/A) interface is responsible for biological complications.1 The 
microscopic space caused by the misfit between implant and prosthetic component (microgap) 
facilitates the infiltration of fluids and macromolecules from tissue fluids and saliva, facilitating 
bacterial invasion and proliferation.2-5 These infiltrations cause the bone loss in most cases, 
even in patients with good oral hygiene.6 
 
The level of contamination varies or depends not only on the precision of fit, but also on the 
degree of the applied micromovement and torque. The incidence of loads and unscrewing of the 
prosthetic abutment can increase infiltration, whereas optimal adaptation, minimal 
micromovement and exceptional prosthetic and occlusal planning are factors that can prevent 
or minimize microleakage.7,8 The conical interface of Morse taper implants presents high 
contact area which decreases the gap, contributing to an efficient I/A sealing.9-11 This high 
precision contact could prevent the I/A micromotion,12 decrease the screw tightening, 
microleakage, peri-implantar inflammation and maintain the bone around of the implant,13,14 
compared to Brånemark System implants. 
 
Nowadays, to improve implant installation, some manufactures have added an internal index on 
Morse taper implants and the positive index to the abutments facilitates the position in the 
prosthetic steps.15 However, abutments without index could be assembled to the implants with 
index. In these conditions, the higher empty space between implant and abutment could 
facilitate the microleakage and bacterial colonization.  
 
The literature demonstrated several methodologies to evaluate the bacterial leakage along the 
implant-abutment interface.1,10,16-18 Bacterial infiltration has been evaluated in a two-way path, 
 22 
not only from inside the screw role to the outside (I/E)1,5,12,18-21 but also inward from the outer 
part of the implant (E/I).10,17,20,22  
 
Nonetheless, all methods have several critical points that can either lead to false positive or 
false negative results.18 Considering the false negative results, the diminished internal empty 
space that support the lowest volume of bacteria, could represent death of this 
microorganism.18 Therefore, the increase of this internal space implant with index could 
generate favorable conditions. 
 
The aim of this in vitro study was to evaluate the presence of prosthetic index assembled to the 
Morse taper implants by bacterial microleakage test in static conditions. The hypothesis of this 
study was that the presence of the internal index would not influence the results of 
microleakage. 
 
MATERIALS AND METHODS 
 
Implant System 
Thirty conical Morse taper implants (Alvim CM, 3.5mm x 13.0mm, Neodent, Curitiba, Brazil) and 
20 abutments solid CM Universal Post without index (ø 4.5 x 4.0 x 1.5mm, Neodent) and 10 
abutments CM exact universal post  (ø 4.5 x 4.0 x 1.5mm, Neodent) with passing bolt were 
selected to this study. The implants and abutments were divided in three groups (n=10): CM1: 
Morse taper implants without prosthetic index and solid CM Universal Post without index; CM2: 
Morse taper implants with prosthetic index and solid CM Universal Post without index; CM3: 
Morse taper implants with prosthetic index and CM exact universal post with passing bolt.  
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Pilot Tests 
First, a pilot test was conducted to evaluate the amount of bacterial suspension that could be 
inoculated to the inner part of implants, without overflow of broth. To determine the volume of 
inoculation, the Inventor software assembled the CAD of implant and abutment and calculated 
the empty space between abutments and implant (Fig. 1). After that, dye and bacterial 
suspension were used to evaluate the optimal volume of suspension into the implant, without 
overflow.  
 
Figure 1 - Inventor software - CAD images of implant and abutment. Before the pilot test, to determine 
the volume of inoculation, the software assembled the CAD of implant and abutment and calculated the 
empty space between abutments and implant. 
The implants were stabilized in a metallic holder and inoculated the solution of 1% toluidine blue 
with an automatic pipette (0.5-10µL, LABMATE+, HT-High Tech Laboratories). Then, the 
abutments were assembled and tightened according to the manufacturer instructions (Fig. 2). 
The overflow was verified by visual inspection or by absorbent paper. (Fig. 3) The test using the 
dye was repeated until recorded the optimal volume. 
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Figure 2 - The abutments were assembled and tightened according to the manufacturer instructions, 
stabilized in a metallic holder and inoculated the solution with an automatic pipette. 
 
Figure 3 - The overflow was verified by visual inspection or by absorbent paper. The test using the dye 
was repeated until recorded the optimal volume, without visual overflow. 
The final volume was confirmed with the dipped tests using the Streptococcus sanguinis ATCC 
10556 cultivated in Schaedler agar plate. One colony was collected and cultivated in tubes 
containing BHI broth, which was stored at 37ºC and 1 atm for 24 hours. All of the instruments 
were autoclaved (Prismatec, Itu, Brazil) at 121ºC at 15 psi for 15 minutes. At the inner of the 
implants was inoculated the volume found in test pilot with dye under laminar flow hood (VECO, 
Campinas, Brazil). The abutments were carefully connected to the implants and sterile forceps 
were used to the dip the implant in a sterile solution broth for 30 seconds (Fig. 4). This solution 
was incubated to verify the overflow of bacterial solution at the tightening procedure. After 3 
days of incubation, the broth was evaluated through turbimetry test. 
 25 
 
Figure 4 - The abutments were carefully connected to the implants and sterile forceps were used to the 
dip the implant in a sterile solution broth for 30 seconds. This solution was incubated to verify the 
overflow of bacterial solution at the tightening procedure. 
Microleakage test 
The microleakage test was recorded with two methodologies: leakage from the inner part of the 
implant and leakage into the inner part of the implant. For the first test, the Streptococcus 
sanguinis ATCC 10556 were used and for the second test the Fusobacterium nucleatum 
suspension were cultivated in Schaedler broth (Biolife, Milan, Italy) supplemented with 0.1% 
hemin and 0.1% menadione in an anaerobic chamber (Whitley DG250, Don Whitley Scientific, 
England) for 2 days at 37°C. A standard bacterial suspension dilution of 0.5 McFarland 
(corresponding to approximately 3x108 colony forming unit/mL – CFU/mL) was prepared and 
using at the microleakage test. 
 
Leakage from the inner part of the implant:  
The implants were removed from their packaging under sterile conditions and placed at metallic 
holder. The inner part of the implant was inoculated with 0.5µL of Streptococcus Sanguinis 
suspension for the groups CM1 and CM3. The group CM2 was inoculated with 2.1µL. The 
abutments were carefully connected to the implants and tightened with 32 Ncm for the group 
CM1 and CM2 and 15 Ncm for the group CM3, according to the manufacturer’s instructions. 
The assemblies were immersed at 590mL of sterile Schaedler broth and incubated at 37°C for 7 
days in anaerobic chamber. 
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Leakage into the inner part of the implant:  
The implants were removed from their packaging under sterile conditions and placed at metallic 
holder. The inner part of the implant was inoculated with 0.5µL to group CM1 and CM3 and 
2.1µL of sterile BHI broth. The abutments were carefully connected to the implants and 
tightened, according to the manufacturer’s instructions. The assemblies were immersed in 
590µL of Fusobacterium nucleatum suspension and incubated at 37°C for 3 days. 
 
Statistical Analysis 
The statistical analysis of the leakage was performed using the chi-square test, in which 
statistically significant differences were accepted as P <0.05. 
 
RESULTS 
 
The volume recorded by the Inventor Software was: CM1 3.1 µL, CM2 6.0 µL, CM3 4.7 µL. To 
confirm the volume internal capacity the pilot test was done with dye. The results were: CM1 
1.9µL, CM2 2.4µL and CM3 4.4µL. Following, the pilot test made with bacteria found the final 
volumes: CM1 and CM3 0.5µL and CM2 2.1µL. The final volume of each group was inoculated 
at the corresponding implant and the microleakage were recorded.  
In methodology 1, nine samples of group CM1, CM2 and CM3 showed no contamination by I/A 
interface (Table 1).  
In methodology 2, no contamination occurred in the evaluated period. 
There were no statistical differences, by chi-square (P = 0,236) between the results on both 
methodologies. 
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Table 1 – Positive and negative results of control test and microleakage from 
the inner part of implant. 
CM1 CM2 CM3 
 
Control 
test 
Microleakage Control 
test 
Microleakage Control 
test 
Microleakag
e 
1 - - - - - - 
2 - - - - - + 
3 - - - - - - 
4 - - - - - - 
5 - - - - - - 
6 - - - - - - 
7 - - - - - - 
8 - - - - - - 
9 - + - - - - 
10 - - - + - - 
Total 0 1 0 1 0 1 
 
 
DISCUSSION 
 
The results obtained support the hypothesis that the presences of the internal index not 
influence the results of microleakage. Then the presence of the internal prosthetic index at 
hexagonal shape and the range of the volume in the inner surface not influence the sealing of 
Morse taper. 
 
The current research obtained the volume of inoculation first by the software analysis followed 
by the dye test and the bacterial test. The pilot test was important to determine the real volume 
of inner implants. Several studies did not report the standardization of inoculated volume into 
the implant.9,10,13,23,24 The steps described in the present study could guide the researches to 
enhance the optimal volume for microleakage test.  
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Two bacteria were used in the microleakage tests. First, to analyze the microleakage from the 
inner surface, the Streptococcus sanguinis were used and into the inner surface of the implant 
the Fusobacterium nucleatum were used.9,22,25,26 Both bacteria could be found in the oral cavity 
and related to the peri-implantite. However, the Streptococcus sanguinis are able to connect 
with titanium and present dimensions from 0.5 to 1µm.9  
 
Bacterial infiltration may occur in a two-way path, into and from inner part of implants.17-19 This 
marginal leakage in implants is facilitated by the presence of microgaps between the implant 
and the abutment components of the assembled system. Even so, some studies argued that 
this gap is about 1 to 49 µm, depending on the system.1  These gaps may be further widened 
when subject to chewing forces, facilitating bacterial proliferation and consequently 
inflammatory cells that lead to bone loss around I/A.18 This contributes in part to malodor and 
infection of the periimplant tissue.25 Morse taper abutments are less prone to bacterial leakage 
at the implant/abutment interface, because of the large contact surface with the implant, forming 
a frictional locking.9-11,27  
 
The microleakage can be varied when different torque levels are used.3,4 Gross et al5 showed 
that when the torque increased from 10 to the maximum torque recommended by the 
manufacture, microleakage decreased significantly for all systems tested. So, the present study 
followed the manufacturer’s recommendations to prevent possible variations that could interfere 
with the results. 
 
This study was evaluated in static conditions, but the gap can be altered by mechanical 
loading,7,13 a factor that might favor a higher influx of bacteria into the interface.  Koutouzis et 
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al13 utilized an in vitro dynamic loading model to assess the potential risk for invasion of oral 
microorganisms. The specimens were immersed in a bacterial solution of Escherichia coli and 
loaded with 500,000 cycles of 15 N in a wear simulator. They found that the leakage of 
microorganisms through the interface was greater when a load was applied. 
 
The time of incubation, elevated bacterial concentrations and environments with limited 
conditions of oxygenation and nutrition could represent extremely adverse conditions for 
bacterial reproduction and survival.18 These environments could lead to false-negative results 
because of the death of these microorganisms into the implants. Hence, longer monitoring 
periods (over 7 days) must be avoided.18 Some studies16,25 evaluated the microleakage through 
the implant/abutment interface for 7 days, as the present study. Furthermore, it is important to 
note that, at the end of the monitoring periods, the implants must be reopened to verify bacterial 
viability (Fig. 5). 
 
Figure 5 - Sample exhibiting turbity, to verify bacterial viability after the test period. A- No turbity; B – 
Turbity. 
 
Micro Ct Images was done to evaluated different volumes founded with prosthetic index (Fig. 6). 
The final volume was inoculated using Barium solution contrast and these images showed that 
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both methodologies couldn´t remove all air of internal cavity during inoculation, explaining the 
difference between the software volume and the tested volume. 
 
Figure 6 - Micro-CT image was done to evaluated different volumes founded with prosthetic index. The 
final volume was inoculated using Barium solution contrast and these images showed that both 
methodologies couldn´t remove all air of internal cavity during inoculation, explaining the difference 
between the software volume and the tested volume. 
To ensure the precision of the inoculation, the dental surveyor was adapted with pipette holder. 
The presence of the guide to avoid the false positive results could be done. In this case, the 
diameter of the inner implant surface was 3 mm and the manual inoculation could insert the 
bacteria closed to the implant interface.  
 
The present study showed lower rate of microleakage between implant-abutment interfaces 
using the turbidity test. Similar results were recorded in recent researches.9,18,22,23,28,29 This fact 
confirms that the Morse taper junction sealing is efficient even with prosthetic index changes. 
According to the literature, the current implant systems cannot completely prevent microbial 
leakage and bacterial colonization of the inner part of the implants and may result in soft tissue 
inflammation, constituting a risk to the stability and clinical success of the implants. 
 
To simulate the mouth conditions, future research could be realize considering the dynamic 
conditions on the microleakage. Procedures that simulate chewing may contribute to the sealing 
 31 
of the interface or the presence of oblique loading could generate higher gaps facilitating the 
microleakage.  
 
CONCLUSION 
 
Within the limitations of this study, it can be concluded that the presence of the prosthetic 
internal index had no influence on bacterial microleakage of Morse taper implants under static 
conditions, for both methodologies. 
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Abstract  
Purpose: Recently, manufacturers have inserted a prosthetic index inside the Morse 
taper implants. However, it is still unclear if this mechanism could decrease the 
mechanical strength of Morse taper implants. The aim of this study was to evaluate the 
influence of the prosthetic index on fracture resistance of Morse taper dental implants. 
Materials and methods: Thirty Morse taper implants were divided into 3 groups (n=10): 
implants without the prosthetic index and solid Morse taper universal post (Group NIS), 
implants with the prosthetic index and solid Morse taper universal post (Group WIS) 
and implants and abutments with prosthetic index (Group WIP). Fracture resistance (N) 
was determined by force application of a perpendicular load to the abutments with a 
universal testing machine. The statistical analysis was performed using the 1-way 
ANOVA, and Tukey’s test was applied (a=.05). All tested groups were modeled for 
finite element stress analysis (FEA), simulating the same conditions. The 
metallographic analysis was used to identify the fracture distribution and the 
microstructure of the titanium alloy.  
Results: There was no statistically difference between the values of all tested groups. 
Mean fracture resistances were 353.7 N for group NIS; 397.3 N for group WIS and 
372.0 N for group WIP. According to the FEA, the prosthetic index region was out of 
stress, and the macroscopic failure pattern was exactly as demonstrated by FEA. 
Conclusions: The presence of the prosthetic index on Morse taper implants did not 
decreased its resistance to fracture for the tested implants. 
 
Key words: biomechanics; dental implants; mechanical stress; prosthetic index. 
 
INTRODUCTION 
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Morse taper implants were inserted on dentistry to increase the prosthetic 
stability at the implant/abutment interface (I/A) and to decrease the effects of initial 
bone loss.1,2 To reduce the risk of screw loosening or the appearance of a gap in the I/A 
interface, the abutment should remain fixed to the implant.3-6 This prosthetic connection 
type has an internal junction that presents friction and mechanical imbrications, which 
decrease I/A interface gap.7-9 This characteristic associated with the preload abutment-
implant interface and occlusive forces is essential for this system stability,10,11 
predicting the rehabilitation behavior.12  
Initially, the Morse taper implant used an external assembler system to ensure 
the surgery placement. Nowadays, inside the Morse taper implant, there is a prosthetic 
index13 with this purpose. This "internal torque" allows implants to be placed with 
greater security, less time consuming and with great versatility, regarding to prosthetic 
abutments.13   
It is still unclear if this prosthetic index could decrease the mechanical strength 
of Morse taper implants due to reduction of titanium wall thickness. Thus, prosthetic 
index might create an area with stress accumulation that could compromise the 
longevity of the Morse taper implant.13,14 This fragility can be mechanically tested.15-19 
The bending test is an important method of assessing the mechanical behavior of dental 
implants.20 The Finite Element Analysis (FEA) has also been used to assess the 
mechanical characteristics of dental implants, demonstrating stress distribution into 
complex structures. 
Therefore, the aim of the present study was evaluated the influence of the 
internal index in Morse taper implants. The null hypothesis was that the presence of the 
prosthetic index would influence the implants resistance to fracture. 
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MATERIALS AND METHODS 
Thirty conical Morse taper implants (Neodent) were divided in 3 groups (n=10): 
NIS (no index for the implant and no index abutment); WIS (with an index for the 
implant and no index abutment) and WIP (with an index for the implant and abutment), 
described on Table 1.  
 
Sample preparation 
The implants were positioned into a metallic holder, to receive loads at an angle 
of 90 degrees relative to the long axis. The implant shoulder was also positioned 4mm 
above the metallic holder, to isolate the prosthetic index and simulate marginal bone 
crest resorption. A metallic instrument was used to confirm this distance. The implant 
was then fixed to the metallic base with a screw, and the abutment was installed over 
the implants, according to manufacturer’s torque recommendation. 
 
Bending Test 
The implant and the metallic holder were fixed on the mechanical testing 
machine (EMIC; 2000DL) and a stainless steel spherical point (4 mm diameter) 
connected to a load cell of 500 KN capacity (KN500; EMIC) was used to load the 
samples (Fig. 1). The universal testing machine applied the bending load at a crosshead 
speed of 0.5 mm/min. A computer mounted through association in the machine was 
programmed to interrupt the test cycle process for an upper 5.0 mm displacement or an 
abrupt strength decrease of the tested material. The load was applied at 2 mm of the 
abutment platform.  
After each mechanical testing, the alignment of the stainless steel spherical point 
was conferred.  The computer coupled to the load cell was programmed to record the 
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force (N) during flexion of the implant/ abutment versus displacement (mm) into 
graphics. 
 
Finite Element Analysis 
An implant-abutment complex was modeled, and the implant, abutment, and 
abutment screw design were supplied by the manufacturer (Neodent) in a *.IGES 
format. The stress analysis was performed using FEMAP with NX Nastran (v11.1.1 64-
bits; Siemens). 
All models were considered homogeneous, isotropic, and linearly elastic and the 
materials properties are described on Table 2. To create the mesh, semiautomatic 
meshing tool was used, with tetrahedral solid elements with quadratic trial function 
(element type SOLID187). The mesh consisted of a total of 228075 nodes and 148043 
elements for group NIS; 124374 nodes and 80162 elements for group WIS; and 72737 
nodes and 45456 elements for group WIP. The boundary conditions were determined 
with sliding contact with friction (0.2) between the abutment and implant.21 The bottom 
nodes of the implant were held fixed to avoid movement of the model.  
The load was applied exactly as described on the Bending test section, to 
simulate the same conditions and analysis the stress distribution into the implant, at the 
index region. Data were recorded using Von Mises criteria. 
 
Metallographic analysis  
The metallographic analysis was performed to identify the distribution of the 
different fracture modes obtained for the three different groups during the fatigue test, 
and the microstructure of the titanium ASTM F67-06 Grade IV alloy.  
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For this analysis, the fracture surfaces of samples were examined using an 
optical microscope (AxioVision Imager.A1m; Zeiss, Germany), with magnification ×50 
and ×200. Prior to the analysis, the samples were submitted to acid treatment, in order 
to increase the visualization of the metallic characteristics.  
 
Statistical Analysis 
The statistical analysis of the force at fracture data was performed using the 1-
way ANOVA, followed by the Tukey honestly significant difference test (a=.05). All 
analyses were performed with a statistical software (Sigma Plot version 12.0; Systat 
Software Inc.). 
 
RESULTS  
The mean and standard deviation of fracture data (N) are shown in Table 3. No 
significant difference (df=2, F=3.184, P=.058) was found among all groups. The 
presence of the prosthetic index did not decrease it resistance to fracture. The minimum 
and maximum displacements of all tested groups were presented on Table 4.  
The stress distributions revealed that the prosthetic index region was free of 
stress. The stress accumulation occurred near the application of the load (Fig. 2a to 2c), 
according to FEA results.  
The metallographic analysis revealed that the prosthetic index region was not 
affected by the reduction of titanium wall thickness (Fig. 3a to 3c). This analysis also 
revealed that a microstructure difference was observed, due to the improvement of the 
titanium alloy of the groups WIS and WIP (Fig. 4a to 4c). 
 
DISCUSSION 
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 The null hypothesis of this study was rejected. The presence of the prosthetic 
index did not decrease the tested implants resistance to fracture. The results of the 
present study was not expected, so a FEA was performed to understand the stress 
pattern into the Morse taper implants with the prosthetic index. The analysis 
demonstrated that the prosthetic index is not a stress concentration region. Also, the 
location of the fractures, demonstrated by metallographic analysis occurred at the same 
location, just as demonstrated by FEA. 
 Morse taper implants presents large contact surface with the abutments, forming 
a frictional locking.3,7,22-24 Even though occlusal movements generate bending moments 
and upward tensile loads that may interfere negatively with the retention of the 
abutment, the axial compressive component of occlusal forces acts in the direction of 
abutment insertion, which increases contact pressure and frictional resistance.11,14,25  
Manufactures added an internal prosthetic index on Morse taper implants and the 
positive index on abutments to improve implant installation and facilitate the position in 
the prosthetic steps.13 However, abutments without index could be assembled to the 
implants with index. In these conditions, a higher empty space between implant and 
abutment, decreasing the contact surface could reduce the resistance and cause failures 
of I/A interface, justifying the concern about the data from the WIS group. However, 
the FEA demonstrated that the index region of the implants did not present stress 
concentration. 
The metallographic analysis demonstrated that there were differences in the 
microstructure due to the improvement of the titanium alloy. According to the results of 
the present study, the groups WIS and WIP presented a more concise alloy (Fig. 4a to 
4c). This improvement could improve the mechanical behavior of the implants with 
prosthetic index, regardless of the reduction of titanium wall thickness. Probably, the 
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differences in the microstructure between the groups could explain the lower mean of 
group NIS, however did not significant difference was found among all groups. It is 
important to understand that the values obtained by the bending test are clinically 
secure. 
Different test methods have been used for evaluating the mechanical strength of 
implant/abutment connections.15,17,19 In this study, the bending test was used. Severe 
bone reabsorption was simulated by positioning the implant 4 mm above the metallic 
holder. This step either isolates the prosthetic index. The samples were loaded by 
stainless steel spherical until failure or present 5 mm of displacement. All samples 
presented failure prior to reaching maximum displacement. The minimum and 
maximum displacement founded was 0.75 mm and 4.38 mm, respectively. Implant 
diameters in this study were 3.5 mm and implant lengths were 13 mm. These 
dimensions were chosen specially for comparing different implant designs with 
comparable dimensions.  
 
CONCLUSION 
Within the limitations of this in vitro study, all groups presented a 
standardization of resistance to fracture. The presence of the prosthetic index did not 
reduce the resistance to fracture of these Morse taper implants, but the manufacturer 
changed the titanium alloy to improve the biomechanics of the implant with prosthetic 
index.  
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FIGURE LEGENDS  
 
Fig. 1: Metallic holder and the stainless steel spherical point loading the sample, 
performing the bending test. 
Fig. 2: FEA image: a- NIS group, b- WIS group, c- WIP group. 
Fig. 3: Metallographic analysis: a- NIS group, b- WIS group, c- WIP group. 
Magnification ×200. 
Fig. 4: Microstructure of the titanium alloy: a- NIS group, b- WIS group, c- WIP group. 
Magnification ×200. 
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TABLES 
 
Table 1.  Groups descriptions. 
Groups Description 
NIS Alvim CM (without prosthetic index, ø 3.5 x 
13.0mm) and solid CM Universal Post (ø 3.3 x 
4.0 x 1.5mm). 
WIS  Alvim CM (3.5mm x 13.0mm) and solid CM 
Universal Post (ø 3.3 x 4.0 x 1.5mm). 
WIP  Alvim CM (3.5mm x 13.0mm, Neodent, 
Curitiba, Brazil) and CM exact universal post (ø 
3.3 x 4.0 x 1.5mm) with passing bolt. 
NIS (no index for the implant and no index abutment); WIS (with an index for the implant and 
no index abutment); WIP (with an index for the implant and abutment). 
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Table 2. Material properties. 
 
Structure Young's Modulus 
(Mpa) 
Poisson's Ratio (V) Yeld stress ratio 
(Mpa) 
Titanium Grade IV 103000 0.361 703 
Ti6Al-4V-ELI 
Titanium alloy 
105000 0.361 881 
 
 
 
 
Table 3. Mean fracture results and standard deviation. 
NIS WIS WIP Groups 
Mean values 353.7±51.9 NA 397.3±12.5 NA 372.0±40.8 NA 
NIS (no index for the implant and no index abutment); WIS (with an index for the implant and 
no index abutment); WIP (with an index for the implant and abutment). Means followed by 
different letters indicate statistically significant difference at 5% when horizontally compared. 
 
 
 
 
Table 4.  Displacement results (mm). 
NIS WIS WIP 
Min Max Min Max Min Max 
 
 
Displacement 0.75 3.78 2.44 3.44 0,98 4,38 
NIS (no index for the implant and no index abutment); WIS (with an index for the implant and 
no index abutment); WIP (with an index for the implant and abutment); Min: minimum 
displacement; Max: maximum displacement.  
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Abstract 
Statement of problem There is no consensus in literature about simulation for 
Morse taper dental implants on finite element analysis.  
Purpose The aim of this study was to enhance the understanding of the 
mechanics of the Morse taper implant, including to test different methods for 
simulating of pre-load between the abutment and the implant conical interface. 
Material and Methods Two 3D non-linear finite element models were created, 
the materials were considered isotropic, linear and elastic. The mechanical 
properties were extracted from raw material certificate and literature. The 
contact areas were defined as non-linear, with 0.2 friction coefficient. The von 
Mises stress criteria was used as the evaluation the stress distribution.  
Conclusion Within the limitations of this study, it was demonstrated that a great 
percentage of tightening torque applied over the abutment is required to 
overcome friction in the abutment/implant conical connection, leaving only a 
limited stress concentrated at thread area. Furthermore, this study showed that 
the both presented methods resulted in similar stress distribution pattern along 
the implant/abutment interface. 
Clinical Relevance 
A complete understanding of the mechanical principle of Morse taper implants 
can help clinicians to anticipate some biological events. The great friction 
between implant/abutment is one the responsible to guarantee minimum 
micromovements and a stable connection to adjacent tissue. 
Key-words 
Morse taper implants; finite element analysis; pre-load.  
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Introduction 
The mechanical stability between implant and abutment is an important 
issue in modern implantodology1. The maintenance of the screw tightening is 
totally dependent on mechanical principle of the implant connection2,3. Changes 
in the factors considered influential to the preload, such as the antirotational 
properties of the abutment, the settling effect, and functional loads, may play a 
fundamental role in screw loosening4. The absence of mechanical stability in 
the interface implante/abutment results consequently in biological problems due 
micromovements that can stimulate crestal bone resorption5.  
Many years ago, the principle of Morse taper implant-abutment 
connection was introduced in oral implantology1. The main difference compared 
with other systems is certainly the tapered connection, which provides excellent 
biological and mechanical stability with unusual prosthetic versatility6. Morse 
taper implant-abutment connection is based on the principle of ‘‘cold welding’’ 
obtained by high contact pressure and frictional resistance between the 
surfaces of the implant and the abutment7,8. In the case of taper Morse junction, 
the biting force acts in the direction of the abutment insertion, hence aids to 
secure the connection. This situation is in contrast to implants using screws 
where the biting force lowers the pretension in the screw9,10.  
If a symmetrical bolted connection is tightened by turning the nut a 
tensile load, nominated as preload, is placed on the bolt and an equal 
compressive load between the plates. In this way the bolt is elongated and the 
plates are compressed11. When the ratchet is used to tighten the abutment, the 
tightening torque required to overcome the force moment (M) generated by 
thread friction. The friction in the joint could be calculated by the equation cited 
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by Merz et al.12. Have been demonstrated the behaviors of Morse taper and 
Butt Joint connections, by finite element analysis considering the different 
mechanical principles between these two implant systems12,13. There is no 
consensus in literature about the simulation of Morse taper dental implants on 
finite element analysis. Several studies14-17 have been ignored a differential 
characteristic of Morse taper junction, during contours definitions in FEA 
simulations: tapered connection (implant/abutment) with high contact pressure 
and frictional resistance. 
Considering the definition that all tightening torque result in a pre-load 
condition between the parts, the aim of this study was to compare two different 
ways to simulate the pre-load condition in Morse taper implant. The null  
hypothesis was that there is no difference in stress distribution along the 
implant/abutment junction regarding the simulation method used. 
 
Material and Methods 
Two 3D models with Morse taper implant were simulated and analyzed 
by finite element method, varying the method of pre-load simulation: 1) by 
resultant pre-load value or 2) by insertion torque value. Both 3D models were 
imported as .STL file, from Inventor software (Autodesk, Inc, San Rafael, CA). 
The spiral characteristic of the threads in the abutment was maintained in the 
present study. Non oblique load was applied in models. 
For the first model, the pre-load simulation between the implant and 
abutment was initially based on following equation12:  
M tightening = M thread friction + M joint friction (E1) 
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Based on concepts of forces and deformations in joints due to preload11, 
the axial preload (Fv) from tightening moment, can be determined by: 
M tightening = Fv x (0.159 x P + µ x 0.577 x D2) + Fv x Dc + µ x 1/cosα (E1) 
where P= screw pitch, D2= mid-diameter of the flank of screw thread, Dc= 
mid-diameter of the cone, α= angle between implant axis and surface 
orthogonal in the cone, and µ= coefficient of friction. This formula was 
developed for triangular thread where α=60° 11. 
The formula presented was only described for one-piece abutment12. 
When two-pieces abutment was considered in this study, the formula suffered 
some modifications, because there are 2 conical interfaces present in the 
system. The first one is between the abutment and implant, and the second is 
between the screw and abutment. So, for two-pieces abutment simulation, the 
basic formula must to be: 
M tightening = M thread friction + M joint friction abutment/implant + M joint 
friction screw/abutment (E2) 
Based on the same mechanical concepts, the formula can be determined 
by: 
M tightening = Fv x (0.159 x P + µ x 0.577 x D2) + Fv x Dc1 + µ1 x 1/cosα + Fv x 
Dc2 + µ2 x 1/cosβ (E2) 
where P= screw pitch, D2= mid-diameter of the flank of screw thread, 
Dc1= mid-diameter of the abutment cone, α = angle between implant axis and 
surface orthogonal in the cone, µ1= coefficient of friction between implant and 
abutment, Dc2= mid-diameter of the screw cone, β= angle between screw axis 
and surface orthogonal in the abutment and µ2= coefficient of friction between 
screw and abutment. Based on these formulas, the obtained preload values 
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were 150N for 2 pieces abutment (Neodent, PR, Brazil). Indeed, these values 
were used at respective formulas to calculate the distribution of total pre-load 
between the different regions: thread friction, joint friction abutment/implant and 
joint friction screw/abutment. 
Different ways to introduce the axial preload into the model has been 
described, firstly is calculated how much of tightening torque is required to 
overcome friction in the conical connection and how much is absorbed by the 
threads and, with the help of a layer of temperature sensitive elements, the 
value was introduced12. In the present study the sequence was to calculate 
tightening torque distributed in the conical connection and in the threads12. The 
screw was cut in 2 parts, in the middle of the two support regions of the screw. 
The calculated preload value for the thread friction added to calculated preload 
for the joint friction screw/abutment were incorporated into the "bolt preload 
element" as axial preload using Femap/Nx Nastran softwares (Siemens, EUA) 
(Figure 1). This calculation indicated that 84% of the tightening torque is 
concentrated in joint friction abutment/implant. 
  For the second model, the 3D finite element analysis was conducted 
using Adina software (Adina System, Germany). The difference between this 
model and the first one, was the method used to simulate the screw tightening 
torque. This condition was applied just as insertion torque at the screw head, as 
occurs clinically (Figure 2). For this condition, was not necessary to cut the 
screw model in 2 parts. The original .STL models were just assembled between 
to be imported in the Adina software. 
 For both models, the meshed was generated using 10-node tetrahedral 
elements (TET10). A finer mesh, which converge for stable and consistent 
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results (Figure 3), was generated at the implant-abutment interface to ensure 
accuracy in stress calculation13. The materials were considered isotropic, linear 
and elastic and their mechanical properties extracted by literature were inputted 
in the models (Table 1). The contact areas were defined as non-linear, with 0.2 
friction coefficient9,18. The constraints definitions were established as fixed in the 
x, y, and z axes at the mesial and distal boundary surfaces of the cylinder like 
occurs in the mechanical experiments in testing machine.  
 
Results 
For both models, it was observed a great percentage of stress 
distribution in the abutment/implant conical connection, leaving only a limited 
stress concentrated at thread area (Figure 4). The stress distribution in the 
screw abutment was different according the method of simulating preload 
(Figure 4).  
There was not influence of simulating method in stress distribution along 
the implant/abutment junction (Figures 4 and 5).  
 
Discussion 
The understanding of mechanics of Morse taper implants is essential to 
differentiate the FEA simulation of preload conditions between different implant 
junctions, i.e., between Morse taper and butt joint connections12. A complicating 
factor in finite element analysis is the specification of the conditions of the 
connectivity between the components of the complex structure13. Contact and 
friction play crucial roles in the mechanical behavior of two parts of a complex, 
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including oral implants2,4,12. In the case of Morse taper connection, the friction at 
tapered connection results in high contact pressure and frictional resistance, 
leaving only a limited strain that must be absorbed by the abutment screw 
thread, different to butt joint where the screw alone maintains the abutment 
connected to implant12. If the taper connection is treated only with friction 
contact, the system will be considered similar to an external hexagon joint. In 
this condition, there is no form lock or positive locking and the axial preload of 
the abutment screw is the only determining factor for stability of the 
connection12.  
In a taper connection, form lock and friction are the basic principles12 
while in external hexagon, pure clamping is the underlying principle9. The FEA 
result of the first model indicated the tightening torque value concentrated in 
joint friction of 84% of total pre-load value. The difference between the two 
models presented in this study is the simulation of or the recommended torque 
is 15Ncm (second model) or of the resultant pre-load of the recommend torque 
(150N), obtained by the presented formula.  
It was demonstrated in the present study that great tightening torque 
intensity applied over the abutment is required to overcome friction in the 
abutment/implant conical connection, leaving limited stress concentration at 
thread’s area. Considering the Saint-Venant´s Principle that assumed the point 
sufficiently far enough from the point of loaf application that the distribution of 
normal stress is uniform, is not recommended the evaluation of stress 
distribution in the thread screw area in the first model simulated in the present 
study. This occurrence is justified by the load application in the beam created 
between the two cut parts of the screw. So, by this point of view, the simulation 
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using software, which support the application of tightening torque at the screw 
head, allows the analysis of resultant stress in the thread screw as well, and not 
in the implant/abutment interface. Another important issue to point for the 
resultant pre-load method (first model) is that the geometric characteristics must 
be considered and differentiated for each new simulation, depending on the 
particularities of thread and implant designs, of abutment model and of 
recommended insertion torque of abutment, according to the variables of the 
formula described.  
 
Conclusion 
No difference in the stress distribution along the implant/abutment 
junction was found for both methods to simulate the pre-load condition in Morse 
taper implants. However, the possibility to choice a software that allows the 
application of torque value directly at the screw head tend to be more 
predicable for the analysis of the screw thread region.  
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Tables 
Table 1. Mechanical properties of the materials.  
Structure Raw Material 
Young´s 
Modulus 
(GPa) 
Poisson's 
ration Reference 
Morse taper 
Implant Titaniun Grade 4  103 0.36 
Raw Material Certificate, USA; according to 
"ASTM F 67" 
Abutment TI6AL4V-ELI 105 0.36 Raw Material Certificate, USA; according to 
"ASTM F 136" 
 
Legends 
Figure 1 – A) Screw abutment cut in 2 parts; B) Simulation of “bolt preload 
element” between the 2 parts of the screw , C) “Bolt preload element” in detail. 
Figure 2 – Detail of application torque area at the screw head. 
Figure 3 – A) Meshed implant; B) Meshed abutment in detail , C) Meshed screw 
in detail. 
Figure 4 – von Mises stress ditsribution into the implant/abutment: A) with “Bolt 
preload element”; B) with tightening torque application.  
Figure 5 – von Mises analysis in the implant: A) with “Bolt preload element”; B) 
with tightening torque application. 
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Abstract 
Objective: The aim of the present study was to evaluate the integrity of Morse 
taper implant assembled with 2 pieces abutment after fatigue test, regarding 
deformation and microleakage.  
Material and methods: 19 Morse taper implants were specific manufactured with 
an internal channel for the present study. The implants were divided in 5 groups 
according the methodology of evaluation and the step of fatigue test: 3D 
measurements, optical microscopy and microleakage. Three groups were 
submitted to 1 million dynamic cycles under 116N vertical and off-center load.  
Results: All samples submitted to dynamic fatigue achieved the end of the 1 
million cycles with no failure. The 3D measurements of group A samples 
showed no change in the evaluated dimensions, for both analysis: assembled 
and disassembled. For microleakage test, in the 80 minutes reading leak was 
observed in 1 sample from group B (with fatigue) and in 3 samples of group D. 
The microscopy analysis demonstrated no deformation in the tapered portion of 
the implants, confirming the 3D measurements results and the absence of 
failure after fatigue tests.  
Conclusion: In the present study, 1 million fatigue cycles with load applied in 
vertical direction off-center of implant had no negative influence in the integrity 
of Morse taper implant with 2 pieces abutment assembly. 
 
Introduction 
One hundred and fifty years ago, in 1864, the Morse Taper concept was 
defined by Stephen A. Morse, an enterprising mechanic, who developed it to 
reliably join two rotating machine components (Hernigou et al., 2013). More 
than 25 years ago, the Morse taper principle was applied in oral implantology 
(Moser, Nentwig, 1989). When compared to hexagonal prosthetic interfaces, 
the tapered junction of Morse taper results in an excellent mechanical stability 
large contact pressure and resulting frictional resistance between the implant 
and the abutment (Albrektsson, 1988; Cochran, 1996; Bozkaya & Müftü, 2003).  
As the hexagonal configurations depend totally on the screw abutment 
pre-load to maintain the stability between implant and abutment (Burguete et 
al., 1994; Sakaguchi & Borgersen, 1995; Bozkaya & Müftü, 2003; Haack et al., 
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1995; McGlumphy et al., 1998), the masticatory axial loading could results in 
the abutment screw loosening (Schwarz, 2000). To tapered interface, form lock 
and friction are the basic principles to a secure and effective connection (Merz 
et al., 2000; Bozkaya & Müftü, 2003). 
Morse taper system avoids micromoviments in the implant/abutment (I/A) 
interface contributing to a minimum inflammation level in the adjacent tissue 
(Dibart et al., 2005) and to a less crestal-bone loss adjacent to implant (King et 
al., 2002; Hansson 2003). To optimize the prosthetic indexation, such a keying 
device, an implant company added an internal geometric index mid-level of the 
cone of the implant body (Perriard et al., 2002). After a comparison regarding 
the mechanical strength between the Morse taper systems, with and without the 
internal index, Perriard et al. (2002) observed no difference between the 
standard cone and the newly designed internally keyed design. Still under 
mechanical scenario, a clinical study evaluating 2549 Morse taper implants after 
6 years under loading concluded that the high mechanical stability of tapered 
connection is the responsible for the significant reduction of prosthetic failures 
or complications (Mangano et al., 2011).  
Although the high survival rate of Morse taper implants, a lot of questions 
still motivate scientific researches. Among them, could be cited if is there 
abutment displacement into the implant over time and could this displacement 
put in risk the stability of tapered connection? The understanding of basic 
mechanical principles allows guide the understanding of mechanical behavior of 
dental implants submitted to different load conditions. The association of 
methodologies provides different points of view of the same mechanical 
occurrence.   
The aim of the present study was to evaluate the integrity of Morse taper 
implant assembled with 2 pieces abutment after fatigue test, regarding 
deformation and microleakage. The null hypothesis is that 1 million fatigue 
cycles with load applied in vertical direction off-center of implant has no 
influence in the implant/abutment integrity. 
 
Material and Methods 
Nineteen Morse taper implants (Titamax Morse taper Implant 
4.0x13.0mm code: 109.620, Neodent, Brazil) were specific prepared for the 
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present study. The samples were manufactured with a channel from the apical 
to the base of the screw chamber within the implant (Figure 1). The samples 
were divided in 5 groups, according the methodologies that them were 
submitted (Figure 2). 
 
 
Figure 1 – Implant with hole assembled to abutment. 
 
 
Figure 2 – Division of the groups, according to different methodologies. 
 
 As described in Figure 2, 5 (group A) of the 19 implants were submitted 
to tridimensional measurements (Optiv 222, Hexagon, Germany) regarding the 
external and internal diameters of implant and the internal taper angle. After 
these first measurements, all implants were inserted in polymer with a hole, 
maintaining 3mm of cervical region of implant exposed, according to ISO 
14801. After, the implants were assembled to 2 pieces Morse taper abutments 
(Universal Abutment CM Exact, 4.5x4.0x2.5mm, Neodent) with 15Ncm insertion 
torque, as recommended by manufacturer (Figure 3). 
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Figure 3 – Abutment assembled to implant with 15Ncm insertion torque. 
 
 After assembly, the samples of group A were submitted to tridimensional 
measurements regarding the external implant diameter in the cervical portion 
and the height between the abutment and implant platform.  
 Twelve samples (including the 5 samples of group A) were submitted to 
dynamic fatigue according the set up published by Perriard et al., 2002. The 
samples were inclined by 15° off the vertical and a T-shaped bar was positioned 
over the abutment and the loading was applied in a vertical direction at 5mm 
off-implant center onto one end of the horizontal bar (Figure 4). The samples 
were submitted to 1 million cycles under a load of 116N and 15Hz frequency in 
Instron model E3000 machine (Instron, United Kingdon). During the test the 
minimum force was 10% of maximum load, 11.6N. 
 
 
Figure 4 – Fatigue testing set up. 
 
 The 12 samples submitted to fatigue test were allocated in the groups A, 
B and C, according to Figure 2. The samples of group A (5 samples) were 
submitted to tridimensional measurements before and after disassembly 
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between abutment and implant. The samples of groups B and D (4 samples 
each group) were submitted to microleakage evaluation. The samples of groups 
C and E (3 samples each group) were analyzed by optical microscopy.   
 The microleakage test was performed based on methodology described 
by Gross et al., 1999. The interface between the cervical of implant and the 
polymer was sealed with silicon, and a polymer was assembled into the 
abutment, both to avoid the leakage for these ways. Each sample was 
positioned in a poliacetal tube assembled to a system designed to introduce 
controlled air pressure to 8 tubes. The samples were suspended in water and 
0.3ml of gentian violet (Farmax, Brazil) was inserted into the polymer tube 
where the implant was assembled (Figure 5). After, a constant air pressure of 2 
Bars was achieved and the readings were taken at intervals of 5, 20 and 80 
minutes from the time of initial pressure activation. 
 
       
Figure 5 – Microleakage testing set up. 
 
 For microscopy analysis, the samples from groups C and E (3 samples 
for each group) were embedded in resin (CitoPress1, Struers, USA), sanded 
(TegraSystem, Struers) and evaluated in optic microscope (AxionVision Imager 
A1m, Zeiss, Germany). 
 
Results 
All samples submitted to dynamic fatigue achieved the end of the 1 
million cycles with no failure.  
The 3D measurements of group A samples showed no change in the 
evaluated dimensions, for both analysis: assembled and disassembled. The 
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media value for height between the abutment and implant platform was 6.32 
mm before and after fatigue test.  
For microleakage test, in the 5 minutes reading, gentian violet leak was 
observed in 2 samples from group D (without fatigue). In the 80 minutes reading 
leak was observed in 1 sample from group B (with fatigue) and in 3 samples of 
group D. 
 
Figure 6 – 80 minutes reading during the microleakage test. It was observed 
gentian violet leak in the samples 09 (from group B), 13, 15 and 16 (from group 
D). 
 
The microscopy analysis demonstrated no deformation in the tapered 
portion of the implants, confirming the 3D measurements results and the 
absence of failure after fatigue tests. 
 
Figure 7 – Microscopy analysis of group E samples. 
 73 
 
 
Figure 8 – Microscopy analysis of group C samples.  
 
Discussion 
The null hypothesis was rejected, since there were different gentian violet 
leak readings during the microleakage test between the groups.  
To investigate specimen resistance to fatigue during approximately 3 
years of simulated function, a target of 1 million cycles was defined (Kraisat et 
al., 2002). The loading frequency of the tests was 15 Hz. The load ranged 
sinusoidally between a nominal peak value and 10% of this value (in 
accordance with ISO 14801). The load, 116 N, was calculated according to 
equation F=M/d sinα where F is force applied, M is torque applied during 
abutment tightening, d is lever length and α is the inclination of the specimen. 
For M=15Ncm, d=5mm and α=15°. This arrangement thus generated both a 
bending and a torqueing moment on the conical joints (Perriard et al., 2002). All 
the samples submitted to 1 million cycles achieved the end of the tests without 
failure.  
The fatigue test had influence just on microleakage evaluation. After 80 
minutes of test under 2 Bars pressure, the group submitted to fatigue (B) 
presented just one sample (25% of all samples) with gentian violet leaking, 
while the without fatigue test group (D) presented 3 samples (75%) with gentian 
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violet leaking. This means that the fatigue test, even with off-center load, seams 
to increase the lock and friction between the implant and the abutment.  
In other study (Çehreli et al., 2004) this event of higher lock between 
implant and abutment was already observed since, after fatigue test, the Morse 
taper abutments had signs of slight wear on the morse-taper part, but not on the 
screw threads, which implies that the morse-taper indisputably carried most of 
the applied load and protected the abutment threads from overloading. The 
mechanical principles of taper connection were well discussed by previous 
studies (Merz et al., 2000; Bozkaya & Müftü, 2003) discussing the large contact 
pressure and resulting frictional resistance. In summary, in the case of taper 
Morse junction, the biting force acts in the direction of the abutment insertion, 
hence aids to secure the connection. This situation is in direct contrast to 
implants using screws where the biting force lowers the pretension in the screw 
(Bozkaya & Müftü, 2003). Although the apparent higher interface lock for group 
after fatigue, through the 3D measurements no change of height between the 
abutment and implant platform was noted.  
In all implant systems, the implant-abutment mating design determines 
the mechanical integrity of the implant-abutment complex and rules joint 
strength and stability (Norton 1997; Binon 2000; Merz et al. 2000; Norton 2000; 
Khraisat et al.2002; Akça et al. 2003; Steinebrunner et al., 2008). Together with 
proper design of the occlusion and stable osseointegration, a reliable 
connection between implant and abutment is an important precondition for the 
appropriate functioning and stability of implant restorations (Norton, 1997). 
In the present study, 1 million fatigue cycles with load applied in vertical 
direction off-center of implant had no negative influence in the integrity of Morse 
taper implant/2 pieces abutment assembly. While mechanical testing merely 
shows if and where a system will break, the non-destructive methods provide 
insight into the inherent mechanics of a given technical system. Another non-
destructive method could be used in future studies to obtain meaningful results, 
such a non-linear Finite Element Method model. 
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3- CONSIDERAÇÕES FINAIS 
Na Implantodontia moderna, para se definir sucesso em Implantodontia, 
pensa-se em estabilidade mecânica pilar/implante, estabilidade biológica dos 
tecidos adjacentes, estabilidade mecânica da prótese, integridade do implante 
e ausência de outras complicações técnicas. No entanto, frente às diferentes 
interfaces protéticas que se tem atualmente, deve-se esperar diferentes 
padrões e motivos de falhas. É sabido que a alta estabilidade da conexão cone 
Morse significativamente reduz a taxa de complicações protéticas. Em 
acompanhamento clínico de 2549 implantes cone Morse, entre 1 e 6 anos em 
função mastigatória, observou-se 0,37% de perda do componente protético 
(Mangano et al., 2011). Sistemas de implantes que dependem da pré-carga do 
parafuso para manter o abutment em posição parecem estar mais expostos a 
complicações protéticas, uma vez que forças resultantes de contatos oclusais 
(fisiológicas ou patológicas) podem exceder a força de união do componente 
ao implante e resultar na soltura ou fratura do parafuso, e, comsequentemente, 
do sistema (Merz et al., 2000; Steinebrunner et al., 2008). 
As características da interface componente protético/implante 
influenciam não apenas o comportamento mecânico do sistema, mas também 
a resposta biológica adjacente ao implante. A estabilidade da interface, assim 
como a menor amplitude de micromovimentos, tem sido pontuada como 
responsável por favorecer a distribuição de tensões no osso (Hansson, 2003) e 
por diminuir a reabsorção da crista óssea periimplantar (King et al., 2002; 
Mangano et al., 2011).  
Por ser uma interface cônica, parece que o carregamento mastigatório 
pode até resultar em maior embricamento entre o componente protético e o 
implant cone Morse. No presente estudo, observou-se menor microinfiltração 
em sistemas submetidos a fadiga e em estudo prévio, o evento de maior fricção 
entre as partes também foi notado por meio de sinais ao longo da porção 
cônica do componente (Çehreli et al., 2004). 
Considerando que o cone interno do implante é o mesmo para os 
diferentes diâmetros de implante e as diferentes direções de carga que existem 
na cavidade oral, deve-se ponderar a seleção do diâmetro do implante para 
reabilitação de diferentes regiões da boca. No presente estudo, pôde-se notar 
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que sob carregamento axial, o diâmetro do implante é mandatório no nível de 
deformação horizontal que ocorre na região cervical. Nesse contexto, implantes 
com maior diâmetro externo e, consequentemente, maior parede de titânio ao 
redor do cone interno do implante, apresentam menor deformação e devem ser 
considerados para reabilitações unitárias em regiões posteriores, em caso de 
disponibilidade óssea.   
Com o objetivo de buscar vantagens protéticas, algumas empresas 
propuseram a inclusão de indexador interno no implante cone Morse. Neste 
estudo, também avaliou-se se a inclusão do index poderia afetar o vedamento 
e a resistência do implante, uma vez que resulta na diminuição da área de 
contato na porção cônica implante/componente. A partir das metodologias de 
microinfiltração bacteriana e de resistência a fratura, observou-se que a 
presença do index não comprometeu o desempenho de implantes cone Morse.  
Estudos futuros associando metodologias não destrutivas que permitam 
a predição da falha em implantes cone Morse podem cada vez mais refinar a 
indicação deste sistema que já tem uma taxa clínica de sucesso tão 
consolidada. O método de elementos finitos é uma das ferramentas que pode 
ser considerada para tais avaliações. No entanto, como é uma ferramenta 
totalmente alimentada pelo pesquisador no que tange a inclusão de 
propriedades mecânicas assim como a definição das condições de contato 
entre as peças, a simulação em elementos finitos do sistema cone Morse deve 
considerar o seu princípio mecânico de fricção na interface cônica e, 
consequente, proteção das roscas do parafuso do componente protético 
durante a distribuição de tensões (Merz et al., 2000). Muito tem-se que evoluir 
sobre a simulação de elementos finitos para implantes cone Morse, buscando a 
fidelidade com o que ocorre na prática. Um dos capítulos deste estudo buscou 
apresentar duas opções, com suas respectivas limitações, para a simulação 
correta da pré-carga em sistema cone Morse, considerando que a pré-carga 
nestes sistemas não fica restrita ao parafuso, como acontece em sistemas de 
implante hexagonais externos.  
Como sugestões de estudos futuros, pode-se propor o aprofundamento 
em outras características da metodologia de elementos finitos aplicada ao 
sistema cone Morse, assim como acompanhamentos clínicos retrospectivos 
que demonstrem o resultado biológico da estabilidade mecânica deste sistema.   
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4- CONCLUSÕES 
De acordo com os resultados obtidos nos estudos laboratoriais, pode-se 
concluir que: 
1- O diâmetro influenciou a deformação nas paredes externa e interna na 
região cervical de implantes cone Morse; 
2- A presença de indexador protético no fim do cone interno de implantes 
cone Morse não teve influência na infiltração bacteriana sob 
carregamento estático; 
3- A presenção de indexador protético no fim do cone interno de implante 
cone Morse não reduziu a sua resistência à fratura; 
4- Na simulação de pré-carga em implantes cone Morse não foi encontrada 
nenhuma diferença na distribuição das tensões ao longo da junção 
implante/ pilar, para ambos os métodos para simular essa condição; 
5- Um milhão de ciclos de fadiga com carga aplicada axialmente fora do 
longo eixo do implante não influenciou negativamente a integridade de 
implante cone Morse montado com componente protético de parafuso 
passante.  
 
 
 
 
 
 
 
 
 
 
